
Table 2. Competition of deoxyribonucleoside 
triphosphates for the enzyme-DNA complex 
binding site. The experiment system is as 
given for Table 1 with nonlabeled triphos- 
phates added as indicated. Sephadex G-200 
fractions 1 and II provide the source of 
enzyme. Fraction I (0.1 mg) is assayed with 
denatured primer and fraction II (0.05 mg) 
is assayed with native primer. 

Non- Binding molee 
lH-nucleotide mg't labeled Amount protein fraction) trip-ols- molel) 

phate Frac- Frac- 
added (6) tion I tion IX 

3H-TTP (0.02 Amole) 
17.31 14.73 

TTP 0.04 9.64 8.07 
dATP 0.04 10.32 9.12 
dCTP 0.04 11.70 8.17 
dGTP 0.04 9.89 7.64 
IATP, dCTP, 

dGTP each 0.02 8.52 6.94 

'H-dCTP (0.02 aniole) 
16.43 13.91 

TTP 0.04 9.39 8.47 
(IATP 0.04 10.16 8.18 
dCTP 0.04 8.68 6.84 
dGTP 0.04 10.71 7.29 
dTTP, dATP, 

dGTP each 0.0(2 7.94 5.82 
:F dATP (0.02 usnole) 

18.45 15.75 
TTP 0.04 11.78 8.48 
dATP 0.04 10.12 7.27 
dCTP 0.04 12.13 9.39 
dGTP, 0.04 10.56 7.89 
TT.P, dCTP, 

IGTP each 0.02 8.42 6.74 

larly decreased by the addition of any 
of the four unlabeled triphosphates 
(Table 2). It appears from the com- 
petition experiments that binding re- 
qthires between 0.03 and 0.04 ntmole 
of triphosphate to saturate the amount 
of enzyme protein used in the assay. 
With 0.02 ytmole of 31H-TTP (6) and 
0.01 molee of nonlabeled TTP, the 
same number of counts is bound as 
with 0.02 Emole of 3H-TTP alone, If 
0.02 [mole of nonlabeled TTP is add- 
ed, only slight inhibition of binding was 
found; it required 0.04 cmole of non- 
labeled TTP to reduce binding by ap- 
proximately one half. Similar amounts 
are required for competition with 
the other deoxyribonucleoside triphos- 
phates. 

Differences exist in the time course 
of the incorporation and binding reac- 
tions and in the relation to the amount 
of DNA primer. The incorporation re- 
aiction remaains linear for at least 60: 
minutes; max~imumr binding is reached 
after 15 minutes of incubation and re- 
mains constant for up to 60 minutes, 
Binding increases linearly as the DNA 
in the system is increased to 150 ymg 
with enzyme remaining constant at 0.2 
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mg of pH 5.0 protein fraction per 
0.5 ml of reaction mixture. Incorpora- 
tion, however, is linear only up to 50 
jg of DNA and does not increase with 
increases in DNA. It is not possible at 
present to estimate the number of bind- 
ing sites on an enzyme molecule since 
the enzyme preparations are not suf- 
ficiently pure. 

The process of binding of deoxy- 
ribonulecoside triphosphates to a DNA- 
DNA polymerase complex can be 
dissociated from polymerization of ni.-i 
cleotides into DNA. The two reactions 
differ with respect to primer DNA pref- 
erence and to time required for the 
completion of the reaction. Kornberg 
(7) postulated that Escherichia coli 
DNA polymerase molecules have five 
active sites, one of which binds tri- 
phosphates. When a correct base pair 
is within the active site, the enzyme 
can respond, presumably by a confor- 
mational change, so that the catalytic 
step may proceed. If an incorrect trie 
phosphate were found, it would be re- 
jected and no conformational change 
would occur. It is premature tq suggest 
a similar postulate for mammalian 
DNA polymerase. It is still possible 
that two different protein molecules 
are involved in these two reactions 
one acting as a nucleoside triphosphate 
acceptor and the other as a polymerase 
enzyme. In studying the triphosphate 
binding to DNA polymerase alone by 
equilibrium dialysis, Kornberg conclud- 
ed that the four common nucleoside 
triphosphates compete for a single site 
(7). Our data with mammalian enzyme 
and DNA are in agreement with this 
finding. 
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Sex Attractant of Female 
Dermestid Beetle 
Trogoderma inclusum Le Conte 

Abstract. Two components of the sex 
attractant of a female dermestid beetle 
Trogoderma inclusum Le Conte were 
identified. They are (-)-14-methyl-cis- 
8-hexadecen-l-ol and (-)-methyl-14- 
methyl-cis-8-hexadecenoate. Other Tro- 
goderma species also respond to the 
compounds. 

We report here the isolation, iden- 
tification, and synthesis of two compo- 
nents of the sex attractant of a female 
dermestid beetle, Trogoderma inclusum 
Le Conte (1). This beetle is a common 
pest in dried-milk factories, and it con- 
sumes a wide variety of products such 
as grain, cereals, dried milk, spices, 
nuts, and other stored, dried foods. A 
closely related beetle T. granarium 
Everts (the khapra beetle) is a very 
serious pest of stored cereal products 
in hot, dry parts of the world. The 
response of the male T. inclusum beetle 
to the unmated female has been de- 
scribed by Burkholder and Dick (2) 
whose bioassay was used to monitor 
the isolation steps. 

Each of the two identified com- 
pounds is active by itself. Responses of 
the male beetle to the synthesized at- 
tractants and to the isolated compounds 
are identical; the males respond to the 
compounds in a manner similar to-that 
of males exposed to paper disks that 
have been in contact with females (2). 
Females do not respond in any of these 
tests, nor do they respond to paper 
disks that have been in contact with 
males. 

In the laboratory bioassay, a re- 
sponse from the male T. inclusum was 
elicited by as little as 0.001 4tg of syn- 
thesized compound 1 (3 males respond- 
ed out of a total number of 40 tested) 
or 0.01 tg of synthesized compound 
2. The, effect of a mixture of the two 
synthesized compounds was additive; 
no synergistic or blocking effects were 
detected, but cross-attractance was gen- 
eral in the genus. The responses of 
males of several other Trogoderma 
species to 1 tg of each of the synthe- 
sized compounds are shown in Table 1. 
Forty males were used in each test, 
each male being placed in a 3.7-ml 
shell vial. An assay disk containing I 
,tg of the attractant was suspended I 
cm above each male for 1 minute. The 
response was considered positive when 
the behavior reported earlier (2) was 
observed. 

The interspecific responses for five 
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species of male Trogoderma to the 
extracts of unmated females of seven 
species of Trogoderma have been re- 
ported (3). Samples of extract of un- 
mated female T. inclusum were tested 
against the khapra beetle (T. granari- 
um). The tests showed that extracts 
of female T. inclusum and T. granarium 
are equally attractive for T. granarium 
males. Two other attractant fractions 
were isolated from female T. inclusum, 
but they have not yet been identified. 
It seems likely from the cross-attract- 
ant study that some or all of the four 
compounds, or close analogs thereof, 
are involved in the sex attractants of 
other Trogoderma species. 

To isolate the attractant components, 
250,000 unmated female T. inclusum 
beetles, in batches of 40,000, were ex- 
tracted with benzene (four 300-ml por- 
tions per batch) in a Waring Blendor. 
The solvent was separated by centrifu- 
gation and removed by distillation 
through a Vigreux column at 150 torr. 
The distillation residue (50 g) was 
distilled in 5-g batches in a short- 
path (2 cm) still onto a condenser 
(cooled with dry ice) at 650C and 0.01 
torr. 'Solutions of the distillate (15 g) 
in benzene were thoroughly extracted 
with ice-cold O.iN sodium hydroxide. 
The solvent wats removed at 150 torr, 
and the nonacidic material (9 g) was 
chromatographed in four portions on 
silica gel (Gallard-Schlesinger, 90 to 
200 mesh, 100 g in a 3.5 by 20 cm 
water-cooled column); the solvents used 
successively were pentane (300 ml), di- 
ethyl ether (600 ml), and methanol 
(200 ml). The active fraction (5 g in 
the ether eluate) was fractionated by 
gas chromatography [5 percent SE-30 
on Gas Chrom Q 60/80 mesh, 0.6 m 
by 7.5 mm (inside diameter) glass tub- 
ing; 1600 to 1800C at 40C per min- 
ute; 50 cm3 of He per minute]; the 
fraction eluting between 14 and 27 
minutes was fractionated on a Carbo- 
wax 20 M column [5 percent on Gas 
Chrom Q 60/80 mesh, 1.7 m by 4 mm 
(inside diameter) glass tubing; 1100 to 
2000C at 20C per minute; 32 cm3 of 
He per minute]. The fraction eluting 
between 30 and 32 minutes (about 1 
mg from 100,000 beetles) was identified 
as compound 1 (see below). The frac- 
tion eluting between 21 and 27 minutes 
(about 3 mg from 100,000 beetles) was 
fractionated on a diethyleneglyc'olsuc- 
cinate column [5 percent HI-EFF-1 BP 
(Applied Science) on Gas Chrom Q 
60/80 mesh, 3 m by 4 mm (inside di- 
ameter) glass tubing; 151 ?C; 30 cm3 
of He per minute]. The material eluting 
between 33 and 37 minutes (about 0.2 
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1 

Fig. 1. 

mg from 100,000 beetles) was identified 
as compound 2 (see below). 

The infrared spectrum of compound 
1 showed the following diagnostic peaks 
(CS2, I): 2.99 (OH), 9.45 (CH2-OH), 
no peak near 10.4 (no trans double 
bond). The mass spectrum showed the 
following diagnostic peaks (mass to 
charge, m/e): 254 (molecular ion, M), 
236 (M - H20). The molecular formu- 
la was assumed to be C17H340, which 
accommodates one double bond or a 
ring. The nuclear magnetic resonance 
(NMR) spectrum (CC14, 100 Mhz r) 
was: 4.80 (2, -HC=CH-, m), 6.49 (2, 
-CH2CH2OH, 7), 8.05 (4, -CH2CH= 
CHCH2, m), 8.69 [20, (CH2)9, CH, 
OH], 9.14 (6, 2CH3, im). The optical 
rotation was minus (4). Therefore the 
partial structure is a C17, branched- 
chain, unsaturated (cis), primary alco- 
hol. Ozonolysis (5) showed that it was 
an aldehyde with a retention time be- 
tween those of n-octanal and n-nonanal. 
Hydrogenolysis (6) revealed two ma- 
jor products that were identified by 
mass spectrometry as 3-methylpenta- 
decane and 3-methylhexadecane. Com- 
pound 1, therefore, is (-)-14-methyl- 
cis-8-hexadecen-1 -ol. 

CH3 H H 
I I I 

CH 3 CH2 CH(CH2 )4 C 5C(CH2 )6 CR2 0? 

1 

The infrared spectrum of compound 
2 showed the following diagnostic 
peaks (CC14, It): 5.74 (C=O), 8.00, 8.34, 
and 8.53 (CH3OC=O), no peak near 
10.4 (no trans double bond). The mass 
spectrum showed the following diag- 
nostic peaks (mle): 282 (M), 251 M - 

CH30), 250 (M - CH30H). The mo- 
lecular formula was assumed to be 
C18H3402, which allows one double 

Table 1. Response of males of several 
Trogoderma species to the synthesized com- 
pounds (1 ug). Forty males were used in 
each test. 

Number responding 
Males Com- Com- 

pound 1 pound 2 

T. inclusum 31 12 
T. simplex 23 5 
T. glabrum 10 1 
T. parabile 8 0 
T. sternale 7 0 
T. grassmani 30 0 

bond or ring besides the C=O group. 
Ozonolysis gave the same aldehyde 
that was obtained from compound 1. 
The optical rotation was minus (4). 
Therefore the structure of compound 
2 is (-)-methyl-1 4-methyl-cis-8-hexa- 
decenoate. 

CH3 H H 0 
l I I 11 

CH 3 CH2 CH(CH2 )4 C = C(CH2 )6 COCH3 

2 

Both compounds were synthesized by 
the sequence shown in Fig. 1. 

Spectral data for the isolated and 
synthesized compounds were congruent, 
and the synthesized compounds were 
biologically active. 
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Paramagnetic Unit in Spinach Subchloroplast 

Particles: Estimation of Size 

Abstract. A pulsed ruby laser (wavelength, 694.3 nanometers) was used to mea- 
sure the dependence on light intensity of light-induced electron paramagnetic 
resonance (EPR) signal I for short flashes of uniform duration (400 microseconds). 
Approximately 1018 photons per square centimeter per flash from the unattenu- 
ated beam were available to the sample of subchloroplast "system 1" particles 
from spinach. The experimental dependence of the EPR signal height plotted as 
a function of the total number of incident photons per flash was exponential. From 
measurement of the slope at a very low relative photon flux and the saturated 
EPPR signal amplitude, the value for the cross section or "e ective size" of the 
light-induced paramagnetic unit, eapeu, was found to be 300 X10-7 square centi- 
meter. This result is compared with a measured optical absorption cross section, 

66911nn' of 2.5 X 10>7 square centimeter, for the identical sample at the laser 
wavelength. The hundredfold difference in size supports the thesis that the pare- 
magnetic state is a property of an aggregate of chlorophyll molecules of the same 
general size as the photosynthetic unit. 

As early as 1932 Emerson and 
Arnold presented evidence that co- 
operative action of approximately 2400 
chlorophyll molecules was required for 
the reduction of one molecule of CO2 
or the liberation of one molecule of 

02 (1). This idea of cooperative action 
has given rise to the concept of the 
"'photosynthetic unit" whose effective 
area, or cross section, presented to in- 
cident light of a given wavelength, is 
consistently larger by at least two or- 

Average saturation signal, S. 
.9 
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.7 
- adz/curve fit 
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Fig. 1. Height of the induced EPR signal as a function of the number of photons 
per laser flash. The inset is an expanded portion of the lowest part of the curve. The 
solid curves are the result of a least-squares fit of all averaged data points including 
zero, treated with equal weight. 
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ders of magnitude than the effective 
area presented to light absorption by 
one chlorophyll molecule alone. 

In a photosynthetic system, whether 
intact algae or chloroplast preparations, 
a light-induced paramagnetic state can 
be observed by the technique of elec- 
tron paramagnetic resonance (EPR) 
spectroscopy. The precise identity and 
function of the photoprocess of the ob- 
served paramagnetic states have been 
under investigation (2). Evidence is ac- 
cumulating for the assignment of the 
two distinctive EPR signals to photo- 
systems I and II in the plant photo- 
synthetic process. One piece of evi- 
dence for this assertion is the finding 
of Vernon et al. that particles could 
be isolated from spinach which repre- 
sent an efficient photosystem I as it 
exists in the intact cbloroplast with lit- 
tle- contaminating inactive chlorophyll 
(3). They present a number of criteria 
for the activity of photosystem I, 
among them the facts that the spin in- 
tensity of signal I was considerably 
greater than that for intact chloro- 
plasts, and that P700 and signal I ex- 
hibited similar behavior under a variety 
of conditions. These subchloroplast 
particles proved to be suitable material 
for a cross-section determination for 
the following reasons: an aqueous sus- 
pension of them in the EPR cuvette 
was optically thin and nonscattering; 
induction effects were absent; the rise 
time of the signal was less than a milli- 
second, while the paraagnetic inter- 
mediates were relatively stable, taking 
several seconds to decay in the dark. 
The suspension yielded reproducible 
results over several hours at room tem- 
perature. 

A pulsed light experiment analogous 
to that of Emerson and Arnold can be 
performed on the paramagnetism in 
such particles, and from the resulting 
data a measure of the cross section for 
the process can be made. 

The relation between the EPR signal 
and the incident number of photons is 
assumed to be 

S(n) = So1 - exp ( na n)] 

with 

__ASn 
An 

where 

_ 
- initial slope 

a is the number of photons per square 
centimeter, uf is the cross section in 
square centimeters, S(n) is the relative 
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